Backgrounds Syncope in older patients may be caused by a variety of disorders, including hypotension, but fre quently remains unexplained. Postprandial hypoten sion is a common disorder of blood pressure regulation in the elderly.
tom in elderly patients that diseases, may threaten cerebral oxyremains unexplained in 30% gen delivery and subsequently result in a to 50% of r * f \ i * ite exsyncopal event.
expensive 1 as a common * cal evaluations.1' 1 Elderly persons are dial hypotension (PH) has become recog p a rtic u la rly v u ln erab le to syncope because of the accumulation of multiple age-and disease-reh at impair car hypotensive stresses. Accor ten sio n a mft abnormalities patients with autonomie failure,1 ' and in patients with end-si age renal disease dur« 17 In mosi elderly per syncope may occur in response to seemingly minor stimuli not ordinarily expected to produce syncope. In more than one third of syncope cases, hypotension in response to common situational stresses, such as drug tion, posture change, meal digestion ecation, and micturition, catecl as a causative situations, alone or in combination with sons, meal-associated declines in BP are atic; however, in bypatients/'1 '-10 
SUBJECTS AND METHODS
formed consent after the nature of the study had been fully explained.
SUBJECTS STUDY PROTOCOL
Sixteen elderly patients with unexplained syncope were reMeal studies began at 7:30 am after an overnight fast from cruited from the Hebrew Rehabilitation Center for Aged, midnight the night before. If subjects were taking longBoston, Mass, an academic long-term care facility (seven term medications, these were withheld for as long as it was patients), from the Beth Israel Hospital, Boston (one pasafe to do so: a minimum of 12 hours before the study for tient), or from referrals by primary care physicians (eight medications routinely given two to four times daily and 24 patients). All patients underwent a full medical evaluahours before the study for those given once daily. tion, including a careful history, physical examination, blood studies, an electrocardiogram, cardiac monitoring, and an
The meal was a 1680-kJ drink (Carnation Instant Break fast in lactose-free whole milk) that contained 40% carboechocardiogram and cardiac Doppler study. In all cases synhydrate, 45% fat, 15% protein, and 12 mEq of sodium. It was cope remained unexplained after this evaluation.
served at a temperature of 22°C to avoid potential temperaSyncope was defined as a sudden transient loss of conture effects on BP. 24 This meal composition represents that sciousness associated with an inability to maintain pos tural tone and with spontaneous recovery. All patients had of a mixed breakfast.
Each subject was studied in the nuclear medicine laboone or more syncopal episodes, and all of these episodes ratoiy of the Beth Israel Hospital, where radionuclide imagoccurrecl during a 2-hour period after a meal. Although seving studies were performed to measure cardiac and splancheral of the subjects were taking medications on a longnic blood pools. A 21-gauge angiocatheter with heparin lock term basis, there was no temporal relationship between was placed in one antecubital vein for blood sampling throughmedication administration and syncope or other clinical eviout the study. This intravenous catheter was also used to withdence that syncope could be attributed to medication efdraw a 3-mL blood sample during each radioventriculogram fects. None of the subjects had orthostatic hypotension. One determine biolog: patient with a demand pacemaker continued to have unporary angiocatheter was placed in the opposite antecubital explained syncopal episodes and was included in this study.
vein for collection and reinjection of autologous red blood cells He was not in a paced rhythm during the study.
labeled with 740 MBq of technetium Subject characteristics are summarized in Table I . line was removed after labeled red blood cell injection. After The patients with syncope were divided into two groups this injection arid a minimum of 30 minutes of supine rest, 10 according to their BP response after a meal. Eight of the minutes of basahneasurements were performed. Subjects then patients with syncope had PH, defined as a decline in susat for 10 minutes to ingest the liquid meal, after which they pine systolic BP of 20 mm Hg or more within the 90-minute study period. Nine healthy elderly subjects with no history of medical illness, smoking, or medication use were resumed a supine position for the duration of the study. Room temperature remained constant (23 ± 1°C) throughout the study.
The BP and heart rate (HR) were measured on one arm recruited from the local Boston community through newsat 5-minute intervals throughout the study with an auto paper advertisements. These healthy elderly subjects were also included in another study.26 mated oscillometric device (Dinamap, Critikon, Tampa, Fla). The three BP and HR measurements at 10, 5, and 0 minThe study was approved by the Institutional Review utes before the meal were averaged and considered the baseBoards of the Beth Israel Hospital and Hebrew Rehabilitaline value. This value and the means of the three values tion Center for Aged. All subjects provided written in-. around the 15-, 30-, 45-, 60-, 75-, and 90-minute time points dysfunction,13* 14 and especially in the nursing home popu lation,5,l2,lH postprandial declines in BP may be of suffi cient magnitude to result in syncope.
In a previous study we found that in 31 of 97 elderly patients with syncope, fainting occurred within 1 hour of the beginning of meal ingestion. 4 In eight of these subjects, hypotension was documented immedi ately on fainting and marked PH was later repro duced. 18 Although these data suggest a causative rela tionship between PH and syncope, m eal-related hypotension is rarely sought during the evaluation of syncope in the elderly. In a study that evaluated 210 elderly patients with syncope, no meal-associated syn cope was reported.3 In the absence of a careful search for PH, patients with syncope who have this problem may be inappropriately labeled as having "unexplained syncope" or subjected to unnecessary invasive tests. Therefore, one aim of the current investigation was to assess the potential clinical significance of PH in elderly patients with unexplained syncope.
Several pathophysiologic mechanisms of PH have been proposed, including age-and/or BP-relatecl im pairm ents in baroreflex function,5'10,19 insulininduced vasodilation or baroreflex impairment,10* 19 inadequate sympathetic nervous system compensation for meal ingestion,'5,10,13 excessive splanchnic blood pooling during digestion,20 hypotensive effects of vaso active gastrointestinal peptides,14,20'25 and failure to maintain systemic vascular resistance after a meal. 26 In p atien ts w ith autonom ic dysfunction, im paired peripheral vascular responsiveness probably plays an important role.26 Until now, no clear pathophysiologic mechanism of PH in the elderly has been defined. Therefore, the present study was designed also to determine the pathophysiologic mechanisms of PH in elderly patients with syncope. Accordingly, we com pared the hemodynamic, neurohumoral, and splanch nic blood pool responses to a standardized mixed meal in elderly patients with syncope with and without PH, and in healthy elderly controls. were used in the analyses. Upper-arm and wrist cuffs and activity from a region of interest overlying the bowel.1 1 Coma mercuiy-in-Silastic strain gauge were attached pared with Doppler measurements of superior mesenteric arm for plethysmographic measurements of forearm blood blood flow, this method has the advantage of assessing flow taken during 3-minute periods. Circulation in the hand splanchnic blood pooling, which is more directly related was excluded by application of a suprasystolic pressure to the wrist cuff. Blood flow was calculated by taking the av erage of three consecutive readings. Measurements were taken before the meal, then at 15-minute intervals begin ning 15 minutes after the start of the meal.
Plasma norepinephrine samples were obtained twice before the meal (5 and 0 minutes), then 30,45,60, and 90 minutes after the meal. Blood was drawn from the antecubital intravenous catheter without the use of a tourniquet and was collected in specimen tubes that contained ethyl ene glycol-tetraacetic acid and reduced glutathione. The tubes were placed immediately on ice. Plasma was scpato the pathophysiologic basis of PH. A cobalt 57 marker was attached to the lower part of the abdomen to aid in re positioning the patient and to align the images during analy sis. Two sequential 2-minute images of the abdomen were obtained during the baseline period to establish that equi librium had been adequately achieved. Images were ob tained at 15, 30, 60, and 90 minutes in the anterior posi tion to decrease the contribution from excreted activity. An attempt was made to exclude the urinary system from the region of interest when it could be identified. The counts were corrected for background, biologic clearance, and physical decay. The intraindividual variability of the rarated by refrigerated centrifugation, then fast-frozen in dry dionuclide technique has been reported to be 1% to 3 % ." ice and acetone and stored at -70°C until assayed. Plasma norepinephrine concentrations were determined by the single-isotope raclioenzymatic assay.27 This assay is sensi tive to within 0.12 nmol/L of plasma. The within-run co-
ANALYSIS
Forearm vascular resistance was a as m e a n a r teefficient of variation is less than 7.5%, Because interassay rial BP divided by the forearm blood flow, and systemic vasvariability is 10% to 15%, all of each subject's samples were assayed at one time.
Five-minute images for gated cardiac blood pool de terminations were obtained before and at 30-minute inter vals after the meal.:28'w The left ventricular ejection frac tion was calculated with a fixed region of interest method. The area and longest axis of the region of interest was used to calculate absolute left ventricular encl-diastolic volume (EDV).28 Cardiac index, stroke volume index, and EDV in dex were calculated by dividing the cardiac output (stroke volumeXHR), stroke volume (EDVX ejection fraction), or EDV by body surface area, which was estimated according were individually compared with baseline by means of Sturesistance was calculated as mean arterial BP di vided by cardiac output. Splanchnic blood volume was calculated as a percentage of the baseline value.
The Kruskall-Wallis test was used to compare base line values in the three groups. Changes over time for the different variables were examined by means of repeatedmeasures analysis of variance. Changes for each variable over time were compared between two groups at a time with the use of a two-factor (group and time) repeatedmeasures analysis of variance.32 When an overall time ef fect was founcl, the postmeal measures at each time point to the equation of DuBois and DuBois from the measured height and weight.30 Peak filling rate was calculated from dent's t test for parametric data and Wilcoxon's Rank Sum Test for nonparametric data. To study the effects of splancha third-order polynomial fit to the rapid filling portion of nic blood volume and peak filling rate on the change in mean diastole. 24 As the absolute value of EDV was known, we were able to express peak filling rate as milliliters per second.
Changes in splanchnic blood volume were deter mined by measuring the relative changes in radionuclide arterial BP, a linear regression analysis model was used. A P value of .05 was used as the criterion for determining stuas mean mmm
R E S U L T S
Mean arterial BP declined, significantly after the meal, with a maximum of -8±3 mm Hg by 90 minutes in the 16 elderly patients with syncope, compared with a nonsig nificant change of -I ± 2 mm Hg in the healthy elderly subjects. The HR increased to a similar extent in both groups, by 6±1 beats per minute and 5 ± 1 beats per minute, respectively. The difference in BP and HR re sponse between the two groups was not significant. Eight of the patients with syncope had PH. Therefore, the re sults were further analyzed by comparing the eight pa tients with syncope who had PH with the eight patients with syncope who did not have a postprandial decline in supine BP. Baseline cardiovascular characteristics of both syncope groups and the healthy elderly control sub jects are shown in Table 2 . Baseline measurements did not differ significantly among these three groups. Hemodynamic, plasma norepinephrine, and splanch nic blood pool responses to meal ingestion for the three in at 30 minutes (P=.07) in healthy elderly subjects and no change in patients with syncope without PH. Baseline peak filling rate was not different between any of the groups. There was a weak relationship between baseline peak fill ing rate and the change in mean arterial BP 60 minutes after the meal (r=.44, n«25, P=.09). Systemic vascular resistance declined by 8±2 U had no significant changes in forearm vascular resis tance after the meal (Figure 2 , bottom right). There was no difference in forearm vascular resistance responses af ter the meal between the three groups.
Splanchnic blood volume increased a maximum of 26%±7% (PC.01) 90 minutes after the meal in the pa tients with syncope with PH ( Figure 3) . A similar in crease was found in the healthy elderly subjects, with a maximum increase of 22% ± 8% (PC.05) by 90 minutes. In the patients with syncope without PH, only a small, nonsignificant increase in splanchnic blood volume was found. Comparisons between each of the three groups disclosed no significant differences.
In Figure 4 the individual changes for splanchnic blood volume and mean arterial BP 60 minutes after the meal are given for the three groups of subjects. The change in mean arterial BP was inversely related to the change in splanchnic blood volume (r=-.67, n=24, PC.001). This relationship explains 47% of the variance. In one of the healthy elderly subjects we were not able to measure splanchnic blood volume at the 60-minute time point.
M W
The main finding of this study is that half of the patients with postprandial syncope that was unexplained after a conventional evaluation had marked meal-related su-(PC.01) in the patients with syncope with PH, remained pine systolic BP reduction that could contribute to the unchanged in patients with syncope without PH, and in creased significantly by 4±2 U (PC.05) 90 minutes after the meal in the healthy elderly subjects (Figure 2, top right) .
Between the patients with syncope with PIi and the healthy elderly subjects, this difference in systemic vas cular resistance response was significant (P=.008). Fore arm vascular resistance increased significantly only in the healthy older subjects, with a maximum change of 39 U (PC.05) 45 minutes after the meal. Both syncope groups pathogenesis of syncope. This decline in BP was associ ated with pooling of blood in the splanchnic circulation and no change in forearm vascular resistance, resulting in a fall in systemic vascular resistance.
Splanchnic blood pooling appears to be an impor tant initial event in the development of PH. This is sup ported by the observation that somatostatin and its ana logue octreotide prevent postprandial BP reduction in elderly subjects and patients with autonomic dysfunc- 
Changes in systolic blood pressure (B P ), diastolic B P , mean arterial pressure (M A P ), and heart rate (H R ) after meal ingestion for elderly patients with syncope who had postprandial hypotension (P H ), elderly patients with syncope without P H , and healthy elderly subjects. Each value represents the m e an ± S E. Group effects were significant for subjects with P H compared with the other groups fo r all variables ( P < .0 0 1) except change in H R (P =.06).
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tionA U '*J because of an increase in splanchnic vascular re sistance.21 However, the present study does not support previous suggestions that excessive splanchnic blood pool ing during digestion is the principal mechanism of PH. 20 The increase in splanchnic blood volume after the meal was similar for the patients with syncope with PH and the healthy elderly subjects in whom BP remained un changed. Furthermore, two healthy subjects were able to maintain their mean arterial BP despite marked in creases in splanchnic blood volume. Another important finding is the absence of vaso constriction despite the decline in BP in patients with syncope who had PH. The healthy elderly subjects demo n s l n ial increases in HR, a norepi nephrine level, cardiac index, and forearm vascular re sistance, thus compensating for splanchnic blood pooling and resulting in a stable BP after the meal. The patients with syncope with PH also had an increase in HR, plasma norepinephrine level, and cardiac index but did not show an increase in forearm vascular resistance, This resulted in a decline in systemic vascular resistance and hypo tension. These results were even more impressive given the small sample size because patients with syncope were subdivided into those with and without PH.
It is notable that both syncope groups failed to show an increase in forearm vascular resistance after the meal.
However, in patients with syncope without PH, the changes in splanchnic blood volume were apparently too small to affect systemic vascular resistance and BP. It is possible that prolonged medication effects were respon sible for the observed decline in systemic vascular resis tance in patients with syncope who had PH. However, medications were similar in patients with and without meal-related BP declines. On the other hand, withhold ing medications for 12 to 24 hours before the study may have prevented discovery of some meal-drug interac tions. Regardless of whether medications played a role pears to be a failure to maintain compensatory vasocon therapeutic efforts should be aimed toward elucidating cause o 
Changes in plasma norepinephrine level, cardiac index, systemic vascular resistance (S V R ), and forearm vascular resistance (FV R ) after meal ingestion for elderly patients with syncope who had postprandial hypotension (PH ), elderly patients with syncope without P H , and healthy elderly subjects.
Each value represents the mean± S E. Group effects were significant for subjects with P H compared with the other groups for change in S V R (? < ,0 0 1 ) and compared with healthy subjects for changes in cardiac index ( P < .001) and F V R ( P < .001). dents without tilt-induced syncope.33 Forearm blood flow is largely under cardiopulmonary baroreceptor control, in contrast to splanchnic blood flow, which is mainly modulated by carotid baroreceptors. 36 The failure of fore arm vasoconstriction in elderly patients with syncope who have PH might also be related to impaired cardiopulmo nary baroreceptor control caused by decreased diastolic distensibility of the ventricle and increased filling pres sures. 37 We did not find a difference in peak filling rate at rest between the elderly patients with syncope and the healthy elderly subjects. However, there was a weak lin ear relationship betw een peak filling rate and the decline in mean arterial BP after the meal. Another proposed contributor to PH is an impair ment in baroreflex function. Both aging and hyperten sion are associated with impaired baroreflex function.w'38 Previous studies have show n greater postprandial declines in BP in hypertensive than normotensive elderly subjects.7,10,19 Indeed, six of the elderly patients with PH and four without PH had a history of hypertension. Fur thermore, baseline BP was higher in patients with PH than in those without it.
The increase in HR and plasma norepinephrine level suggest intact cardiac responsiveness to activation of the sympathetic nervous system. However, in previous stud ies that used spectral analysis of HR variability, we found that elderly subjects with and without PH did not have changes in their low-and high-frequency HR power af ter a meal (representing sympathetic and parasympa thetic nervous system activity), despite an increase in ARCH INTERN MED/VOL 155, MAY 8, 1995 HR.26,39 It was therefore suggested that this cardioacceleration is caused by other, unknown, factors rather than sympathetic activation or parasympathetic withdrawal. Furthermore, the activity of the sympathetic nervous sys tem remains difficult to determine from overall changes in plasma norepinephrine level. The sympathetic out flow to all organs is not uniform, and regional, organspecific increases or decreases in sympathetic nervous sys tem activity can occur with different reflexes. 40 In a previous study we found that the normal increase in plasma norepinephrine level after a meal in healthy el derly subjects is not sustained in those with PH.18 In the current study, when BP declined between 30 and 90 min utes after the meal, plasma norepinephrine levels inap propriately decreased to baseline levels. These data sug gest that elderly patients with syncope with PH are unable to maintain activation of the sympathetic nervous sys tem after a meal. Syncope in elderly patients is usually a manifesta tion of serious underlying disease, associated with sub stantial morbidity and mortality.1,41 Approximately 30% to 50% of patients with syncope are never given a clear diagnosis, which leads to repeated expensive workups. In 1990, the nationwide inpatient cost for the evalua tion of syncope was estimated to be close to $750 mil lion.42 Evaluation of syncope in the elderly patient is es pecially difficult because there are often coexistent multisystem abnormalities. In this study, all oi the pa tients were carefully examined, some of them more than once. Nonetheless, syncope remained unexplained. Care ful history taking disclosed that all syncopal episodes oc curred shortly after meals.
Syncope in association with PH in the elderly has received little attention in the literature since the first pub lications that described it.5,18 A study of elderly nursing home patients demonstrated that patients with a history of syncope had a postprandial decline in systolic BP of 31 mm Hg, compared with 17 mm Hg in elderly pa tients without such a history.12 Although the incidence of meal-related syncope is unknown, the current study suggests that it may occur in a substantial proportion of elderly patients with unexplained syncope. Even when other identifiable causes of syncope are established, post prandial declines in BP may act synergistically to cause syncope, especially in the elderly. 43 The workup of syncope in the elderly patient should pay attention to the relationship with meals. A careful history surrounding the syncopal event and BP measure ments taken before and 60 to 90 minutes after a meal are easy to collect, are inexpensive, and might reveal impor tant information.
There are a few limitations to the present study. Iden tification of a causative role of PH in syncope is compli cated by the fact that no BP data were available at the time consciousness was lost. Also, patients with postprandial declines in BP were asymptomatic during this study, and, although they had a mean maximal systolic BP decline of 25 ±2 mm Hg compared with baseline, their BP did not fall into a clinically hypotensive range. They m ight have become more profoundly hypotensive and symptomatic if they had been studied in the sitting position. However, we were interested in distinguishing mechanisms of post prandial from orthostatic hypotension and therefore chose to study our subjects while they were supine.
Since many patients were taking potentially hypo tensive medications, these too may have played a caus ative role. Nevertheless, medication effects were not iden tified as potential causes of syncope during the clinical study of these patients. This would require a different study. We have shown that PH is a common, yet often overlooked impairment in BP regulation in patients with unexplained syncope, regardless of whether they are tak ing medications. Further studies are needed to identify appropriate treatments for these patients, such as medi cation withdrawal, alterations in meal composition, or the addition of vasoconstrictor agents to increase sys temic vascular resistance.
